Recently several human health-related microbiota studies have had partly contradictory results. As some differences may be explained by methodologies applied, we evaluated how different storage conditions and commonly used DNA-extraction kits affect bacterial composition, diversity, and numbers of human fecal microbiota. According to our results, the DNA-extraction did not affect the diversity, composition, or quantity of Bacteroides spp., whereas after a week's storage at À20°C, the numbers of Bacteroides spp. were 1.6-2.5 log units lower (P < 0.05). Furthermore, the numbers of predominant bacteria, Eubacterium rectale (Erec)-group, Clostridium leptum group, bifidobacteria, and Atopobium group were 0.5-4 log units higher (P < 0.05) after mechanical DNA-extraction as detected with qPCR, regardless of storage. Furthermore, the bacterial composition of Erec-group differed significantly after different DNA-extractions; after enzymatic DNA-extraction, the most prevalent genera detected were Roseburia (39% of clones) and Coprococcus (10%), whereas after mechanical DNA-extraction, the most prevalent genera were Blautia (30%), Coprococcus (13%), and Dorea (10%). According to our results, rigorous mechanical lysis enables detection of higher bacterial numbers and diversity from human fecal samples. As it was shown that the results of clostridial and actinobacterial populations are highly dependent on the DNA-extraction methods applied, the use of different DNA-extraction protocols may explain the contradictory results previously obtained.
Introduction
In the past 10 years, there has been a wealth of studies in which the relationship between the human gut microbiota and human health has been investigated. After the findings of Turnbaugh et al. (2006) and Ley et al. (2006) that the relative proportion of Bacteroidetes decreased and the relative proportion of Firmicutes increased in obese mice (Ley et al., 2005; Turnbaugh et al., 2006) and men ) as compared to their lean counterparts, obesity-related gut microbiota studies have drawn a lot of attention. After the initial findings, there have been several related studies in which the findings have been similar (Armougom et al., 2009; Santacruz et al., 2009; Turnbaugh et al., 2009; Balamurugan et al., 2010; Santacruz et al., 2010) to those of Ley et al. (2005 Ley et al. ( , 2006 and Turnbaugh et al. (2006) . Moreover, there have also been studies in which the findings have been contradictory or there has not been any statistically significant differences between Firmicutes and Bacteroidetes in obese and normal weight people Zhang et al., 2009; Santacruz et al., 2010; Schwiertz et al., 2010) . Some differences may be explained by the different detection methods applied [i.e. clone libraries (Ley et al., 2005 Turnbaugh et al., 2009; Zhang et al., 2009) vs. quantitative PCR (Armougom et al., 2009; Santacruz et al., 2009; Zhang et al., 2009; Balamurugan et al., 2010; Santacruz et al., 2010; Schwiertz et al., 2010) vs. FISH in addition to lactobacilli) and by different study populations, because for example in Europe differences in microbiota can be seen in people living in different areas (Mueller et al., 2006) . As Bacteroidetes as Gram-negative and Firmicutes as Gram-positive bacteria have different cell wall structures and compositions, the optimal DNA-extraction method for the two groups is different. Gram-negative bacteria are more easily lyzed and if too rigorous DNA-extraction method is used, it may result in detecting lower numbers and diversity of Bacteroidetes species. With Firmicutes, instead, more rigorous DNA-extraction methods are needed, especially when the matrix is as complex as a human fecal sample. The most commonly used commercial fecal DNA-extraction kit (QIAamp DNA Stool Mini kit; Qiagen, Hilden, Germany, based on heat lysis and enzymatic digestion), which is nowadays considered as the 'golden standard' (Dridi et al., 2009) , has been originally validated using universal-denaturing gradient gel electrophoresis (DGGEs; Li et al., 2003) , and/or spiking experiments (McOrist et al., 2002) . However, more recent studies have been shown that mechanical cell disruption results in the detection of the highest bacterial diversity. Furthermore, as compared to enzymatic DNA-extraction, significantly improved DNA-extraction efficiency of Clostridium leptum group (Salonen et al., 2010) [clostridial cluster IV ] and methanogens (Dridi et al., 2009 ) is obtained.
The effect of various storage temperatures on the fecal microbiota quantity and composition has also been studied. However, the results are partly contradictory. In a few recent studies, it was shown that storage for a short period of time at different temperatures does not significantly influence the bacterial community structure as detected with pyrosequencing (Roesch et al., 2009; Lauber et al., 2010) . In contrast, in several older studies, the storage temperature has been shown to influence the results derived from gut microbiota as detected with terminalrestriction fragment length polymorphism, single-stranded conformation polymorphism analysis, and real-time PCR (Ott et al., 2004; Molbak et al., 2006; Roesch et al., 2009) .
The aim of this study was to evaluate whether different storage conditions and the DNA-extraction methods affect the detection of Firmicutes [Eubacterium rectaleBlautia coccoides group (Lachnospiraceae), C. leptum group (Ruminococcaceae), and lactobacilli], Bacteroides, bifidobacteria, and Atopobium group in human fecal samples. Furthermore, two new PCR-DGGE methods -for Bacteroides spp. and C. leptum -group -were optimized and validated in this study.
Materials and methods

Bacterial strains
The 83 bacterial reference strains used for the optimization and validation of PCR and PCR-DGGE for Bacteroides spp. and C. leptum group and quantitative PCR (qPCR) of predominant bacteria, Bacteroides spp., C. leptum group, and E. rectale -B. coccoides group, bifidobacteria and Atopobium group are listed in Supporting Information, Table S1 . After optimization, negative and positive controls were included in the experiments with samples as well.
Human fecal samples
The fecal samples for sample storage and DNA-extraction analyses were obtained fresh from a healthy female subject (subject 1) (44 years old) and a healthy male subject (subject 2) (51 years old). The main recruiting criterion was a good (normal) intestinal balance (absence of repeating and/or persisting gastrointestinal symptoms). The exclusion criteria were regular GI-tract symptoms, lactose-intolerance, celiac disease, and antimicrobial therapy during the last 2 months prior to the sampling point. The subjects defecated into a plastic container, which was made anaerobic with gas-generators (Anaerocult A mini, Merck, Darmstadt, Germany) placed on the lid of the container. The samples were transported to the laboratory, homogenized, and divided into subsamples in an anaerobic workstation (Don Whitley Scientific Ltd, Shipley, UK) within 0-4 h from the defecation. Part of the sample was further processed fresh, second subsample was stored at 4°C for 2 days after which it was transferred to À70°C, third subsample was stored at À20°C for a week and thereafter at À70°C, and fourth subsample was transferred directly to À70°C for storage. The study plan is presented in Fig. 1 .
The fecal samples for optimization and validation of Bacteroides spp. and C. leptum (Clept) group protocols were obtained from two healthy females (34 and 39 years old). The larger study group for diversity and stability studies of Bacteroides spp. and Clept-group consisted of 10 subjects that were 34-62 years of age (three males and seven females). Fecal samples were obtained on three occasions 3 months apart (0, 3, and 6 months). The main recruiting and exclusion criteria were as above. The samples were collected as earlier and maintained at À70°C until analyzed. Human studies were approved by the ethical committee of VTT Technical Research Centre of Finland, Espoo, Finland.
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DNA-extraction ) with FastDNA Spin kit for Soil (MP Biomedicals, Solon, OH; from hereon referred to as 'mechanical DNA-extraction') and two different protocols (1) Gramnegative bacteria and (2) Gram-positive bacteria with QIAamp DNA Stool Mini kit (Qiagen, from hereon referred to as 'enzymatic DNA-extraction') were evaluated from different storage conditions (Fig. 1) . All the DNAextraction experiments were performed in duplicate. DNA was extracted as previously described (Maukonen et al., 2006b ) from the 0.2 g of samples that were used for studying of the diversity and stability of the Cleptgroup and Bacteroides spp.
PCR of C. leptum group (Clept-group)
Six different primer combinations, four MgCl 2 -concentrations, 11 different annealing temperatures, and three different cycle numbers were tested in preliminary PCR-DGGE experiments. Partial 16S rRNA gene of Cleptgroup was PCR-amplified for DGGE using primer pairs Clept-933 f and Clept-1240-r+GC (Table S2 ) in addition to Clept-933 f+GC and Clept-1240-r. Optimized PCR amplifications were performed in a total volume of 30 lL containing 1 lL of appropriately diluted template DNA, 0.4 lM of both primers, 0.2 mM dNTP, 1.25 units of Taq polymerase (Invitrogen, Carlsbad, CA) in a reaction buffer with 20 mM Tris-HCl (pH 8.4), 50 mM KCl, and 2.5 mM MgCl 2 . The PCR program consisted of initial denaturing at 94°C for 5 min, followed by 30 cycles of denaturing at 94°C for 45 s, primer annealing at 60°C for 30 s and elongation at 72°C for 60 s, and a final extension for 30 min at 72°C.
PCR of Bacteroides spp.
Ten different primer combinations, six MgCl 2 -concentrations, 12 different annealing temperatures, and two different cycle numbers were tested in preliminary PCR-DGGE experiments. Partial 16S rRNA gene of Bacteroides spp. was PCR-amplified for DGGE using primer pairs Bact596f and Bacto1080r+GC in addition to Bact596f+GC and Bacto1080r (Table S2 ). Optimized PCR amplifications were performed in a total volume of 30 lL containing 1 lL of appropriately diluted template DNA, 0.4 lM of both primers, 0.2 mM dNTP, 1.25 units of Taq polymerase (Invitrogen) in a reaction buffer with 20 mM Tris -HCl (pH 8.4), 50 mM KCl, and 1.5 mM MgCl 2 . The PCR program consisted of initial denaturing at 94°C for 5 min, followed by 30 cycles of denaturing at 94°C for 45 s, primer annealing at 58°C for 30 s and elongation at 72°C for 60 s, and a final extension for 30 min at 72°C. Fig. 1 . The study plan. Univ, predominant bacteria; Erec, Eubacterium rectale -Blautia coccoides group; Clept, Clostridium leptum group; Bfra, Bacteroides spp. ; Lab, Lactobacillus group (comprises of genera Lactobacillus, Leuconostoc, Pediococcus, and Weissella); Ato, Atopobium group (comprises e.g. of genera Atopobium, Eggerthella, and Collinsella). PCR of predominant microbiota, E. rectale -B. coccoides clostridial group (Erec-group), bifidobacteria, and Lactobacillus group Partial 16S rRNA gene for the analysis of predominant bacteria was amplified using primers U968-f+GC and U1401-r (Table S2 ) as described previously (Mättö et al., 2005) and primers 358f+GC and 534r (Table S2 ) as previously described (Maukonen et al., 2006a) Erec-group was amplified using primers Ccoc-f and Ccoc-r+GC, bifidobacteria with primers Bif164-f and Bif662-GC-r, and Lactobacillus group with primers Lac1 and Lac2GC (Table  S1 ) as previously described (Maukonen et al., 2006b; Maukonen et al., 2008) ,
Cloning of the PCR-amplified products PCR amplicons of Clept-group and Bacteroides spp. for DGGE-method validation and PCR amplicons of Cleptgroup and Erec-group for DNA-extraction method validation were purified using a Qiaquick PCR purification kit (Qiagen) according to the manufacturer's instructions.
Thereafter the cloning and analysis of the clones were performed as previously described (Maukonen et al., 2006b) . Altogether 144 clones were collected from each specific PCR and sequenced. The good quality sequences (c. 110-140 clones / PCR) were subjected to CLUSTALW analysis (http://www.ebi.ac.uk/Tools/clustalw2/index.html?) for checking of the sequence similarities. All unequal sequences were thereafter identified through the GenBank database (http://blast.ncbi.nlm.nih.gov/Blast.cgi) using the BLAST algorithm (Altschul et al., 1990) or using the 'Classifier' tool of the Ribosomal Database Project (RDP) II (Wang et al., 2007) . Library compare of RDPII (Cole et al., 2009 ) was used for the classification of sequences derived from DNA-extraction optimization into the phylogenetically consistent higher-order bacterial taxonomy. Each different clone was deposited in the GenBank database and the sequences are available under the accession numbers JN206701-JN207127. Phylogenetic analyses were performed using the Kodon software (Applied Mathematics, Sint-Martens-Latem, Belgium).
DGGE analysis of 16S rRNA gene fragments
DGGE analyses of predominant bacteria, Erec-group, Lactobacillus group, and bifidobacteria were performed as described previously (Maukonen et al., 2008) . The primer pair Clept-933 f and Clept-1240-r+GC was chosen for the Clept-group DGGE analysis and primer pair Bact596f and Bacto1080r+GC for the DGGE analysis of Bacteroides spp. because of specificity and optimal migration. DGGE analyses of Clept-group and Bacteroides spp. were performed as previously described (Maukonen et al., 2008) , with several modifications. Various denaturing gradients were tested and subsequently denaturing gradient from 30% to 60% [where 100% is 7 M urea and 40% (v/v) deionized formamide] was chosen because of optimal amplicon migration and differentiation. Similarity of the PCR-DGGE profiles of the samples obtained from a single subject at different sampling points was compared to evaluate the diversity and temporal stability of the selected bacterial populations. The comparison of the profiles was performed by calculating a similarity percentage using BIONUMERICS software version 5.1 (Applied Mathematics BVBA). Clustering was performed with Pearson correlation and the unweighted-pair group method (UPGMA). Amplicons with the total surface area of at least 1% were included in the similarity analysis. After sequence analysis of the clones from the newly developed Clep-DGGE and Bacteroides DGGE, all the clones with different sequences were subjected to either Bacteroides DGGE or Clept-DGGE, after which the migration of each clone was compared to the migration of different amplicons in the original sample.
Quantitative PCR (qPCR) of 'all' bacteria, Cleptgroup, Erec-group, Bacteroides spp., bifidobacteria, and Atopobium group
The specificity of various different primer pair combinations for quantitative amplification were optimized and validated for amplification of partial 16S rRNA gene of predominant bacteria, Clept-group, Erec-group, Bacteroides spp., bifidobacteria, and Atopobium group using the bacteria listed in Table S1 . Subsequently the following primer pairs were chosen; 358f and 534r for predominant bacteria, Clept-F and Clept-R3 for Clept-group, g-Ccoc-F and g-Ccoc-R for Erec-group, g-Bfra-F and g-Bfra-R for Bacteroides spp., Bifid-f and Bifid-r for bifidobacteria, and Atopo-f and Atopo-r for Atopobium group (Table S2) . High Resolution Melting Master kit (Roche, Mannheim, Germany) using Sybr-Green like chemistry with ResoLight high-resolution melting dye with MgCl 2 concentration of 2.5 mM (predominant bacteria and Clept-group), 1.9 mM (Erec-group), 3.1 mM (Bacteroides spp.), 2.5 mM (bifidobacteria), or 2.5 mM (Atopobium group) were used according to the manufacturer's instructions in LightCycler 480 II instrument (Roche). The initial denaturing at 95°C for 10 min, high-resolution melting (95°C 1 min, 40°C 1 min, 65°C 1 s, 95°C), and cooling (40°C, 30 s) steps were identical to all the protocols. The rest of the amplification protocols were as follows: predominant bacteria: initial denaturing at 45 cycles of denaturing at 95°C for 15 s, primer annealing at 50°C for 20 s and elongation at 72°C for 25 s; Clept-group: 45 cycles of V/5 denaturing at 95°C for 10 s, primer annealing at 60°C for 15 s and elongation at 72°C for 20 s; Erec-group: 45 cycles of denaturing at 95°C for 15 s, primer annealing at 64°C for 20 s and elongation at 72°C for 25 s; Bacteroides spp.: 45 cycles of denaturing at 95°C for 15 s, primer annealing at 58°C for 20 s and elongation at 72°C for 25 s; bifidobacteria: 45 cycles of denaturing at 95°C for 10 s, primer annealing at 60°C for 15 s and elongation at 72°C for 20 s; and Atopobium group: 45 cycles of denaturing at 95°C for 10 s, primer annealing at 64°C for 15 s and elongation at 72°C for 20 s. All the qPCRs were performed in duplicate (from duplicate DNA-extractions that is all together four replicates). Negative and positive controls were included in all the experiments. Standard curves were created with the help of DNA extracted from a known number of culturable representatives of the bacterial groups (B. coccoides for predominant bacteria and Erec-group, Anaerotruncus colihominis for Clept-group, Bacteroides fragilis for Bacteroides spp., Bifidobacterium longum for bifidobacteria and Atopobium parvulum for Atopobium group) and thereafter qPCR was performed in duplicate from serially diluted standard-DNA as described earlier.
Statistical analysis
The qPCR data were transformed to logarithmic scale to be able to use parametric statistical methods. Mean and standard deviation were calculated for each experiment. Student's t-test (two-sample assuming equal or unequal variances, depending on data-set) was used for the statistical analyses of the results.
Results
Optimization and validation of Clept-group and Bacteroides spp. specific DGGEs When the specificity of primer pairs Clept-933 f-Clept-1240-r+GC and Bact596f-Bacto-1080r+GC was evaluated using reference strains, the primers gave positive PCR results for all the target bacteria belonging to the Cleptgroup or genus Bacteroides, respectively. No false-positive results were obtained. All amplicons of the reference strains for Clept-group and Bacteroides spp. migrated differently and could thus be distinguished (data not shown). Two samples were cloned after Clept PCR and Bacteroides PCR to validate the specificity. All the sequenced 204 Clept PCR clones belonged to the C. leptum clostridial cluster IV and 240 Bacteroides PCR clones to Bacteroides spp. The DGGE profiles of the cloned samples and the sequence information obtained from the cloning of Clept-group are presented in Figs S1 and S2.
The same information in regard of Bacteroides spp. is presented in Figs S3 and S4.
Clept-group and Bacteroides spp. diversities were on average 20.9 and 9.2 amplicons per sample, respectively. Intraindividual similarity of the follow-up samples was higher than interindividual similarity in both groups that is in 8/10 subjects all the samples from a given subject clustered together (each individual created his/her own cluster, data not shown). The intraindividual similarities of Clept-group and Bacteroides spp. of samples taken 3 months apart were 87.5 ± 9.2% and 85.4 ± 12.1%, respectively, whereas the intraindividual similarities of Clept-group and Bacteroides spp. of samples taken half a year apart were in average 81.7 ± 11.7% and 82.0 ± 16.2%, respectively.
The effect of different DNA-extraction methods and storage conditions on DNA yield
The use of different mechanical lysis methods (DNAextraction protocols 2-8; Fig. 1 ) did not affect the DNA yield from fresh samples, whereas with stored samples both the kit and different modifications to the kits caused variations on the DNA yield. The highest DNA yield was achieved with the most rigorous mechanical lysis (DNAextraction protocol 8; 3 9 60 s; 6.5 m s
À1
) at all storage temperatures. The DNA yield was about 60% after gentle mechanical lysis (60 s 4.5 m s
; P < 0.05) and 20% after enzymatic lysis (P < 0.05) as compared to the rigorous DNA-extraction. The storage temperature did not cause significant differences in the DNA yield when the same protocol was applied to the same sample stored at different temperatures.
The effect of different DNA-extraction methods and storage conditions on the diversity and quantity of predominant bacteria
The storage conditions had a significant effect on the diversity of the predominant fecal bacteria of the studied subjects. With mechanical DNA-extraction, the predominant bacterial diversity of fresh samples and samples stored at À70°C was significantly higher (P < 0.05) than those stored initially at À20 or at 4°C. When enzymatic DNA-extraction was applied, significant, storage temperature dependent, differences (P < 0.05) were seen only with one subject. However, the predominant bacterial diversity of both subjects was significantly higher (P < 0.005) after mechanical DNA-extraction than after enzymatic DNA-extraction at all storage temperatures tested. Furthermore, the bifidobacteria-associated bands in the predominant bacterial DGGE-profile were weaker when a gentle mechanical (60 s lysis) DNA-extraction protocol was used as compared to the more rigorous mechanical lysis (60 s + 60 s + 60 s, data not shown). After clustering of the predominant bacterial DGGE profiles of both subjects after all different storage -DNAextraction -PCR combinations, the samples clustered primarily according to the PCR primers used (i.e. V 6 -V 8 region vs. V 3 -V 5 region), secondarily according to the DNA-extraction kit used (regardless of modifications) and thirdly according to the individual, and storage conditions. The similarity between the same samples obtained after DNA-extraction with different commercial kits (e.g. person A, mechanical lysis vs. enzymatic lysis) was 32 -38% after amplification of V 6 -V 8 region (Fig. 2) and 48 -54% after PCR of V 3 -V 5 region (Fig. 2) , whereas the similarity of the same samples between different storage conditions was 89-98% when the similar DNA-extraction protocol was applied (data not shown). Furthermore, the storage conditions did not have a significant effect on the quantity of predominant bacteria as detected with a predominant bacterial qPCR, but the difference between quantity of predominant bacteria after DNA-extraction using different DNA-extraction kits was significant at all storage temperatures (P < 0.005; Fig. 3 ; results after storage at À70°C are presented).
The effect of different DNA-extraction methods and storage conditions on the diversity, composition, and quantity of Erec-group bacteria
After clustering of the Erec-group DGGE profiles of both subjects after all different storage -DNA-extraction combinations, the samples clustered in three major cluster: cluster 1: subject 1, enzymatic DNA-extraction; cluster 2: subject 2, enzymatic DNA-extraction; and cluster 3: subjects 1 and 2, mechanical DNA-extraction ( 8) ; (b) Eubacterium rectale -Blautia coccoides group-specific DGGE profiles; and (c) Clostridium leptum group-specific DGGE profiles. 1M, sample from subject 1 after mechanical DNA-extraction; 1E, sample from subject 1 after enzymatic DNA-extraction; 2M, sample from subject 2 after mechanical DNA-extraction; 2E, sample from subject 1 after enzymatic DNA-extraction; MM, marker, EM, Erec-group marker, CM, Clept-group marker; all these samples were stored at À70°C. S5). Within cluster 3, there were further two sub-clusters for differentiating the two individuals. The similarity of the same samples obtained after DNA-extraction with different kits (within the same storage conditions) was 42-53% (Fig. 2) , whereas the similarity of the same sample after different storage conditions was > 95% when similar DNA-extraction protocol was applied (Fig. S5) . Clone library analysis confirmed the different bacterial compositions detected with DGGE (Table 1) . After enzymatic DNA-extraction, the most prevalent genera detected were Roseburia (39% of clones) and Coprococcus (10%), whereas 37% of the clones belonged to unclassified Lachnospiraceae. After mechanical DNA-extraction, the most prevalent bacterial genera of Erec-group were Blautia (30% of clones), Coprococcus (13%), and Dorea (10%), whereas 27% of the clones belonged to unclassified Clostridiales; only 10% of the clones belonged to genus Roseburia and 11% to unclassified Lachnospiraceae. A few clones (1.6%) belonging to the genus Anaerostipes were detected only after enzymatic DNA-extraction. The Erec-group diversity stayed about the same regardless of the DNA-extraction protocol applied, as detected with both DGGE and clone libraries (Fig. S6) . The storage conditions did not have a significant effect on the quantity of Erec-group bacteria as detected with qPCR, when similar protocols were compared. However, the numbers of Erec-group bacteria were significantly higher after mechanical DNA-extraction (P < 0.05;~2 log unit difference; Fig. 3 ) than after enzymatic DNA-extraction, regardless of the protocol and storage conditions applied.
The effect of different DNA-extraction methods and storage conditions on the diversity, composition, and quantity of Clept-group bacteria After clustering of the Clept-group DGGE profiles of both subjects after all different storage -DNA-extraction combinations, the samples clustered primarily according to the individual, secondarily (within the primary clusters) according to the used DNA-extraction kit and thirdly according to the storage conditions. The similarity of the same samples obtained after DNA-extraction with different kits (at the same storage condition) was 80-87% (Fig. 2) , whereas the similarity of the same sample after different storage conditions was > 94% when similar DNA-extraction protocol was applied (Fig. S7) , except for sub-samples stored initially at 4°C for 2 days. The similarity of samples stored at 4°C was 84-93% as compared to the same samples stored at À20 or at À70°C (using identical DNA-extraction protocol). Clone library analysis confirmed the partly different bacterial composition detected with DGGE ( Table 2 ). The most prevalent Clept-group genera detected after mechanical DNAextraction were Faecalibacterium (39%) and Subdoligranulum (37%), whereas after enzymatic DNA-extraction 80% of the clones grouped to genus Subdoligranulum. In addition, the diversity of the Clept-group was higher after mechanical DNA-extraction, as detected with both DGGE and clone libraries (Fig. S6) . The storage conditions did not have a significant effect on the quantity of Cleptgroup bacteria as detected with qPCR, when similar protocols were compared. However, the numbers of Clept-group bacteria were significantly higher after Fig. 3 . Difference between numbers of bacterial groups obtained after different DNA-extraction protocols and qPCR from samples stored at À70°C. The results are expressed as log-values (mechanical lysis -enzymatic lysis; i.e. positive number indicates more efficient mechanical lysis). All other differences, except Bacteroides spp., were statistically significant (P < 0.05). Univ, predominant bacteria, Bfra, Bacteroides spp., Erec, Eubacterium rectale -Blautia coccoides group, Clept, Clostridium leptum group, Bif, bifidobacteria, Ato, Atopobium group. mechanical DNA-extraction (P < 0.05;~1.5 log unit difference; Fig. 3 ) than after enzymatic DNA-extraction, regardless of the protocol and storage conditions applied.
The effect of different DNA-extraction methods and storage conditions on the diversity and quantity of Bacteroides spp.
The storage conditions and different DNA-extraction methods did not have an effect on the diversity and composition of Bacteroides spp. All the profiles of a given person, regardless of the protocol or storage conditions applied, were similar (similarity with Pearson correlation > 90%). However, the storage conditions greatly affected the numbers of the Bacteroides spp. The highest numbers of Bacteroides spp. were obtained from fresh samples as detected with qPCR, whereas after a week's storage at À20°C, the numbers of Bacteroides spp. were significantly lower (1.6-2.5 log reduction, depending on the DNA-extraction modification) than those in fresh samples (Fig. S8) .
The effect of different DNA-extraction methods and storage conditions on the diversity and/or quantity of bifidobacteria, Lactobacillus group, and Atopobium group
The different storage conditions and DNA-extraction methods did not affect the bifidobacterial diversity or the composition as detected with bifidobacteria-specific DGGE (data not shown). The storage conditions did not have a significant effect on the numbers of bifidobacteria when similar protocols were compared. However, the numbers of bifidobacteria were significantly higher (P < 0.05;~3 log unit difference; Fig. 3 ) after mechanical DNA-extraction than after enzymatic DNA-extraction as detected with qPCR. The diversity and composition of Lactobacillus group were not significantly affected, as detected with specific DGGE, by the storage conditions when mechanical DNAextraction was applied. After enzymatic DNA-extraction, the samples did not amplify with the Lactobacillus groupspecific PCR at all.
The numbers of Atopobium group bacteria were significantly affected by both storage conditions and used DNA-extraction protocols as detected with qPCR. After mechanical DNA-extraction, the number of Atopobium group bacteria was significantly higher (P < 0.05; 2.5-4.5 log unit difference; Fig. 3 ) at all evaluated storage conditions. Furthermore, the numbers of Atopobium group bacteria were significantly higher (P < 0.05; > 1 log unit difference) after initial storage at À20°C for a week or at 4°C for 2 days than those from fresh samples or samples stored solely at À70°C.
Discussion
Recently there have been several human health-related microbiota studies with partly contradictory results regarding obesity-related microbiota and bifidobacterial abundance of baby microbiota. As it is likely that at least some of the differences could be explained by the methodology applied, we evaluated the impact of commonly used commercial DNA-extraction kits (with several modifications) and storage temperatures on most prevalent human gut microbial groups. There are a few recent (Dridi et al., 2009; Ariefdjohan et al., 2010; Salonen et al., 2010) and older (Zoetendal et al., 2001; McOrist et al., 2002; Li et al., 2003) studies in which the effect of DNA-extraction on results derived from human fecal samples has been studied. However, in those studies where the commonly used commercial kits have been applied, only the 'universal' level of predominant bacteria has been studied (McOrist et al., 2002; Li et al., 2003; Ariefdjohan et al., 2010) , or the study has focused on a specific microbial group, such as methanogens (Dridi et al., 2009) . On the other hand, in a recent study (Salonen et al., 2010) in which the gut microbiota was studied in more detail, different DNA-extraction protocols -as compared to the ones we used -were applied. The impact of storage conditions on diversity and composition of fecal microbiota has also been studied (Molbak et al., 2006; Roesch et al., 2009; Lauber et al., 2010) , but to our knowledge, this is the first study in which both the effect of DNA-extraction and storage conditions on diversity, composition, and numbers of the most pre- valent fecal bacterial groups are studied from the same samples.
Our findings showed that the commercial DNA-extraction kits had a significant effect on both composition and numbers of abundant human fecal microbial groups. The numbers and composition of Bacteroides spp. were not significantly affected by the various DNA-extraction protocols, which is in line with the previous findings (Salonen et al., 2010) . However, the storage temperature had a significant effect on the quantity of Bacteroides spp., causing > 1 log reduction with all tested storage condition as compared to the same sample as fresh. These findings may partly explain why no Bacteroidetes were found in the study of Gill et al. (2006) . The clostridial populations, namely E. rectale -B. coccoides (Erec) group and C. leptum (Clept) group, were significantly affected in both composition and numbers by the DNA-extraction protocol used. The numbers of both clostridial groups were significantly lower when enzymatic DNA-extraction kit was used (~2 log reduction) as compared to mechanical DNA-extraction kit. In addition, the composition of Erec-group was different when different commercial kits were applied to the same samples. The most prevalent genus detected after enzymatic DNA-extraction was Roseburia (39% of clones), whereas after mechanical DNA-extraction, the most prevalent genus was Blautia (30% of clones). The same phenomenon was also noticed with the Clept-group bacteria; the most prevalent Cleptgroup genera detected after mechanical DNA-extraction were Faecalibacterium (39%) and Subdoligranulum (37%), whereas after enzymatic DNA-extraction, 80% of the clones grouped to genus Subdoligranulum. The higher proportion of genus Faecalibacterium after rigorous DNA-extraction has also been noted in earlier studies with different protocols (Salonen et al., 2010) .
Most of the obesity-related studies that have obtained similar results, that is, that the relative proportion of Bacteroidetes decreases and the relative proportion of Firmicutes increases in obese human , have used QIAmp DNA Stool Mini Kit (Santacruz et al., 2009; Zhang et al., 2009; Balamurugan et al., 2010; Santacruz et al., 2010) , whereas in those studies, in which there has been no difference between obese and lean subjects or the results have been contradictory to the initial findings, a more rigorous DNA-extraction protocol has been applied (Mai et al., 2009; Schwiertz et al., 2010; Arumugam et al., 2011) or the samples have been studied with fluorescent in situ hybridization (Duncan et al., 2007; Collado et al., 2008; Mai et al., 2009) . As our results demonstrate that the DNA-extraction protocol has a major effect on the clostridial populations while having no effect on the Bacteroides population, it may be that the contradictory results are, at least partly, caused by different DNAextraction protocols.
Another recent example of contradictory findings has involved the bifidobacterial populations of baby feces. Bifidobacterial populations have been found to constitute a dominant part of baby feces many decades ago by culture-based methods (Bullen et al., 1976; Stark & Lee, 1982) . With molecular techniques the results have, however, been partly contradictory. There are numerous studies conducted with molecular techniques in which bifidobacteria have been shown to dominate baby fecal microbiota (Harmsen et al., 2000b; Favier et al., 2002; Magne et al., 2006; Fallani et al., 2010) , but then there are those in which bifidobacteria have been found to constitute only a minor part of the infant microbiota (Palmer et al., 2007) . Similarly to the obesity issue, also this inconsistency may result from different DNA-extraction techniques applied. In those molecular studies where bifidobacteria have been shown to predominate in the baby feces, mechanical DNA-extraction has been applied (Favier et al., 2002; Magne et al., 2006) or the samples have been studied with FISH (Harmsen et al., 2000b; Fallani et al., 2010) . In those studies where the authors have concluded that bifidobacteria constitute only a minor part of the baby fecal microbiota, enzymatic DNA-extraction using the same commercial kit as in this study has been applied (Palmer et al., 2007) . Because our results showed that with enzymatic DNA-extraction, the number of bifidobacteria may be even 3 log units lower than with rigorous mechanical DNA-extraction, differences in DNA-extraction likely explain these contradictory results. In addition, Nakamura et al. (2009) showed that when enzymatic DNA-extraction was applied bifidobacterial abundance was 0.1-1.7%, whereas when FISH was applied to the same samples the bifidobacterial abundance increased to 20.7-83.5% in baby feces. Furthermore, previously it has been found (Salonen et al., 2010) that with more rigorous mechanical disruption, the proportion of Actinobacteria (e.g., bifidobacteria and Atopobium group) increased. Interestingly, the protocol that yielded the lowest levels of Actinobacteria was based on the same kit that we used for enzymatic DNA-extraction (Salonen et al., 2010) . However, we used the kit according to the manufacturer's instructions, whereas Salonen et al. (2010) added 3 9 30 s bead beating and extended the duration of heat lysis in their study. Even with these modifications, the proportion of Actinobacteria was low.
The highest numbers of most of the studied bacterial groups were detected from fresh samples and from samples stored at À70°C. Unexpectedly, the highest numbers of Atopobium group were detected after an initial storage at 4°C for 2 days. The unexpected effect of storage conditions on Atopobium group numbers was confirmed with FISH (data not shown). The numbers of Atopobium group bacteria were 5-6 log units higher in a sample that was initially stored at 4°C for 2 days and thereafter at À70°C and when DNA-extraction was performed mechanically (3 9 60 s) than on the same sample that was stored at À70°C and the DNA-extraction was performed enzymatically. There was no clear explanation for this phenomenon in the literature. The only possibly relevant finding was that Collinsella spp. cell wall contains a unique A4b-type peptidoglycan (Kageyama et al., 1999) . Therefore it is possible that the cell wall structure is extremely difficult to lyse without the extra stress of storage at 4°C. However, these results may explain, why in some studies the Atopobium group bacteria are not considered to be part of the normal dominant microbiota (Eckburg et al., 2005) , whereas in others, especially those conducted with FISH, Atopobium group bacteria are shown to constitute 1-8% of the total population of the human gut microbiota (Harmsen et al., 2000a; Lay et al., 2005; Mueller et al., 2006) . In conclusion, rigorous mechanical lysis enables detection of higher bacterial numbers and diversity from human fecal samples. As it was shown that the results of clostridial and actinobacterial populations are highly dependent on the DNA-extraction methods applied, the use of different DNA-extraction protocols may partly explain the contradictory results previously obtained in regard of obesity related and infant microbiota. 
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